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Seventy-seven patients with Kawasaki disease were pro•
spectively evaluated from 1978 to 1983 to determine the 
sensitivity, specificity and predictive value for detecting 
coronary artery aneurysms with two-dimensional echo•
cardiography. Seventy (91 %) underwent selective coro•
nary arteriography and are included in this report. The 
study was divided into two periods because of increased 
experience and the use of a systematic approach with 
two-dimensional echocardiography in the second period 
as compared with the first. Aneurysms were demon•
strated in nine patients (13%). 
The coronary artery system was divided into six re•
gions: proximal third of the main right coronary artery, 
distal right coronary artery, left main coronary artery, 
left anterior descending coronary artery, circumflex 
Kawasaki disease is an inflammatory illness of unknown 
origin which affects infants and children. It is characterized 
by persistent fever, mucocutaneous involvement and cer•
vical adenopathy (1,2). The most serious consequence of 
Kawasaki disease is the formation of coronary artery an•
eurysms, which may result in coronary thrombosis, stenosis 
and ultimately myocardial infarction (2,3). Recent reports 
(4-6) suggest that aneurysms can be detected noninvasively 
using two-dimensional echocardiography. However, there 
have been few systematic studies that have investigated the 
From the Divblon of Pediatric Cardiology, Department of Pedlatnc,. 
Children', Hospital Medical Center, Cincinnati, OhIO. Thl, work wa, 
pre,ented In part at the 34th Annual SCientific Se"lon of the Amencan 
College of Cardiology. Anaheim. California, March 1985. Dr Danieb I, 
the recipient of Public Health Service Chmcal Inve,tlgator Award HL-
01380 from the National Heart. Lung. and Blood Institute. Bethe,da. 
Maryland 
Manuscnpt received May 28, 1985; revI,ed manuscnpt received Sep•
tember 20. 1985. accepted September 27. 1985. 
Address for reprints. Samuel Kaplan, MD. Director. DlVl,lOn of Car•
diology, Children's Ho'pital Medical Center. Eiland and Bethe,da Ave•
nue" CinCinnati. Ohio 45229 
<L' 1986 by the Amencan College of CardIOlogy 
coronary artery and distal left coronary artery. The sen•
sitivity and specificity were high when imaging the prox•
imal regions, and improved from the first period to the 
second. Both sensitivity and specificity were lower for 
the more distal regions of the right and left coronary 
arteries. Overall, the sensitivity of two-dimensional 
echocardiography was 100% because there were no pa•
tients in our study who had isolated distal coronary ar•
tery aneurysms. Two-dimensional echocardiography is 
a sensitive and specific test for detecting aneurysms in 
the proximal portions of both the right and left coronary 
arteries, and is useful in selecting patients for invasive 
investigation with selective coronary arteriography. 
(J Am Coli CardioI1986;7:355-60) 
sensitivity, specificity and predictive value of two-dimen•
sional echocardiography in detecting coronary artery an•
eurysms. In addition, no studies have been performed to 
evaluate the effects of increased experience and improved 
technique on the ability of two-dimensional echocardiog•
raphy to detect coronary artery aneurysms. To answer these 
questions, a prospective study was performed. 
Methods 
Patient characteristics. During the 5 year study period 
from January 1978 through December 1983, 77 patients met 
the criteria set forth in 1970 by the Research Committee of 
the Mucocutaneous Lymph Node Syndrome, supported by 
the Ministry of Health and Welfare of the Japanese Gov•
ernment on the basis of the original report of Kawasaki (1) 
in 1967 and adopted by the Center for Disease Control (2,7). 
All patients were hospitalized at Children's Hospital Med•
ical Center in Cincinnati, Ohio. Seventy patients (91%) 
agreed to participate in the research protocol, underwent 
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selective coronary arteriography and are the subjects of this 
report. The parents of seven patients refused to participate 
in the study. These seven patients all had normal coronary 
arteries by two-dimensional echocardiography. Nine (12.8%) 
of the 70 patients had coronary artery aneurysms (Fig. 1). 
The age range of the 70 patients was 5 months to 16 years, 
with a mean age (± standard deviation) of 41. 9 ± 35.9 
months. Forty-two were male and 28 were female; 42 were 
white, 22 were black and 6 were oriental. 
Echocardiography. M-mode and two-dimensional 
echocardiograms were obtained from all 70 patients 2 to 4 
weeks after the onset of the disease. Sixty-seven of these 
patients were restudied within 24 hours of their cardiac 
catheterization, and three patients were restudied 1 week 
before catheterization. The ultrasound technician as well as 
the pediatric cardiologist interpreting the echocardiograms 
were unaware of the results of angiography, and the an•
giographer was blinded to the results of echocardiography. 
For the purpose of this study, the coronary arterial system 
was divided regionally into the following segments: prox•
imal right coronary artery, distal right coronary artery, left 
main coronary artery, left anterior descending coronary ar•
tery, circumflex coronary artery, and distal left coronary 
artery which includes the distal left anterior descending and 
distal circumflex coronary arteries. 
B 
Figure 1. A, Selective left coronary arteriogram demonstrat•
ing a fusiform aneurysm of the left main and proximal left 
anterior descending coronary arteries. Additional smaller an•
eurysms are seen in the mid and distal portions of the left 
anterior descending coronary artery. B, Two-dimensional 
echocardiogram from the same patient showing the fusiform 
aneurysm of the left anterior descending (LAD) coronary 
artery. 
All seventy patients were evaluated with two-dimen•
sional echocardiography using a 3 or 5 MHz medium•
focused transducer (Advanced Technology Laboratory). 
Uncooperative patients were sedated with nembutal or chloral 
hydrate to achieve an adequate study. The study was divided 
into two parts. The first was from January 1978 through 
December 1981, and the second was from January 1982 
through December 1983. During the first study period, we 
combined the approach described for use in adults in the 
examination of coronary arteries (8) with the experience 
described by Yoshikawa et al. (9) in their investigation of 
children with mucocutaneous lymph node syndrome. In the 
second study period, a more systematic approach was used 
(10,11). In this approach, a standard precordial short-axis 
view of the great vessels was recorded. Once the aortic and 
tricuspid valve leaflets were identified, slow superior an•
gulation of the transducer was performed until the tricuspid 
leaflet echoes were lost and the tricuspid valve ring was 
recognized. This method produced the characteristic linear 
echoes of the right main and proximal third of the right 
coronary artery. The distal third of the right coronary artery 
was recorded from the standard four-chambered apical views 
and by angling the transducer either superiorly or inferiorly 
with appropriate clockwise or counterclockwise rotation. 
The left main coronary artery was best recorded from the 
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parasternal short-axis view of the aorta. The bifurcation was 
best visualized by moving the transducer from the standard 
short-axis view of the aorta superiorly and directing the 
transducer inferiorly and medially. 
Selective coronary arteriography. All seventy patients 
underwent routine right and left heart catheterization. left 
ventriculography and selective coronary arteriography using 
the Judkins technique (12). Twelve (17%) of the 70 patients 
underwent catheterization 2 to 5 weeks after their illness 
because of suspected coronary artery aneurysms. Thirty-six 
(51%) were studied at 6 to 8 weeks, II (16%) at 9 to 12 
weeks and 6 (8.5%) were evaluated at 13 to 16 weeks after 
the onset of their illness. Because of problems with follow•
up, five patients (7%) underwent selective coronary arte•
riography at 5 months, 7 months, 8 months, 11 months and 
3 years, respectively. Pediatric coronary catheters were se•
lected on the basis of height and weight using a nomogram 
developed at our institution. Biplane coronary cineangiog•
raphy was performed in the anteroposterior, 30° right an•
terior oblique and lateral and 60° left anterior oblique pro•
jections for both right and left coronary arteries (Fig. 1). 
Hand injections of both coronary arteries were performed 
using 2 to 3 ml of Renografin-76 (diatrizoate meglumine 
and diatrizoate sodium) per injection. In selected patients, 
a third injection was recorded in a cranially angulated left 
anterior oblique view to better image the left main coronary 
artery at its bifurcation. No complications of selective coro•
nary arteriography were encountered during the study. 
Analysis of data. The results of the echocardiographic 
study performed closest to the time of catheterization were 
compared with the selective coronary arteriograms and the 
sensitivity, specificity and predictive values were calculated 
(13). The results from the first and second periods were 
then compared. 
Results 
During the first study period, 31 patients were studied, 
aged 11 months to 16 years, with a mean age of 52.6 ± 
43.7 months; 22 were male and 9 were female. There were 
20 white, 9 black and 2 oriental patients. Three (10%) of 
the 31 patients had multiple coronary artery aneurysms. 
There were two aneurysms of the proximal right coronary 
artery, two of the distal right coronary artery, three of the 
left main coronary artery, none of the distal left coronary 
artery, three of the left anterior descending coronary artery 
and three involving the circumflex coronary artery. 
During the second study period, 39 patients were studied, 
aged 5 months to 12 years, with a mean age of 33.9 ± 
26.1 months; 20 were male and 19 were female. There were 
22 white, 13 black and 4 oriental patients. Six (15%) of the 
39 patients had multiple coronary artery aneurysms. There 
were five aneurysms of the proximal right coronary artery, 
two of the distal right coronary artery, six of the left main 
coronary artery, two of the descending left coronary artery, 
six of the left anterior descending coronary artery and five 
involving the circumflex coronary artery. The sensitivity, 
specificity and predictive values for the two study periods 
are compared in Table 1. 
Discussion 
Previous studies. Previous echocardiographic studies in 
patients with Kawasaki disease have investigated either 
techniques for imaging coronary artery aneurysms (5,9,10) 
or the variation in size, shape and distribution of these 
aneurysms (4). The majority of angiographic studies (14) 
have described the distribution of coronary artery aneurysms 
in these patients. Few studies have prospectively assessed 
the sensitivity, specificity and predictive value of two•
dimensional echocardiography in its ability to detect coro•
nary artery aneurysms as compared with selective coronary 
arteriography in a large number of patients. Chung et al. 
( 15) compared two-dimensional echocardiography with left 
ventricular angiography in 38 patients with Kawasaki dis•
ease. They were unable to detect coronary artery aneurysms 
located beyond 1.5 cm from the aortic root in either the 
right or left coronary artery. Sensitivity, specificity and pre•
dictive values were not calculated. Yoshida et al. (10) sug•
gested that with improved technique, the peripheral right 
coronary artery is more accessible for imaging with two•
dimensional echocardiography. In that study, however, only 
II of the 52 patients underwent coronary arteriography to 
confirm the presence or absence of aneurysms. 
Two studies have determined the sensitivity and speci•
ficity of two-dimensional echocardiography in detecting 
coronary artery aneuryms (10,16). Hirose et al. (6) evalu•
ated 213 patients with Kawasaki disease using both two•
dimensional echocardiography and selective coronary ar•
teriography. They reported that the sensitivity for detecting 
aneurysms by echocardiography in the entire coronary sys•
tem was 81 %; the sensitivity was 65% for the right coronary 
artery and 86% for the left coronary artery. They did not 
further subdivide the right and left coronary arteries into 
their more distal regions. Shimazu et al. (16) reported a 
sensitivity of 46% for detecting aneurysms in the right coro•
nary artery and 64% in the left coronary artery. However, 
their study included only 18 patients. 
Sensitivity. The sensitivity of a test is the ability to 
detect abnormalities in a patient when abnormalities are 
present. In our study, the sensitivity was 100% in each of 
the two periods for the entire coronary system. Thus, every 
patient with coronary artery aneurysms had at least one 
aneurysm detected by two-dimensional echocardiography. 
In the second study period, the sensitivity was 100% for 
both the proximal right coronary artery and the left main 
coronary artery, indicating that two-dimensional echocardi•
ography did not miss aneurysms when they were present in 
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Table 1. Comparison of the Sensitivity, Specificity and Predictive Values 
of Two-Dimensional Echocardiography 
1978 to 1981 1982 to 1983 
(31 patIents) (39 patient,) 
EntIre coronary system 
Se 100% 100% 
Sp 93% 97% 
+PV 61% 98% 
-PV 100% 100% 
Proximal right coronary artery 
Se 50% 100% 
Sp 96% 97% 
+PV 44% 83% 
-PV 96% 100% 
Distal right coronary artery 
Se 0% 0% 
Sp 100% 100% 
+PV 
-PV 93% 95% 
Left main coronary artery 
Se 100% 100% 
Sp 93% 97% 
+PV 61% 98% 
-PV 100% 100% 
Left anterior descending coronary artery 
Se 0% 83% 
Sp 100% 97% 
+PV 98% 
-PV 90% 97% 
CIrcumflex coronary artery 
Se 0% 80% 
Sp 100% 100% 
+PV 98% 
-PV 90% 97% 
Distal left coronary artery* 
Se 50% 
Sp 100% 100% 
+PV 100% 
-PV 100% 97% 
*Includes distal left anterior descending and distal circumflex coronary arteries. + PV = positIve predictive 
value; - PV = negative predictive value; Se = sensitivity; Sp = specificity. 
the proximal region of either coronary artery. The sensitivity 
was lower in the distal portions of the coronary system, but 
was still 83% in the left anterior descending coronary artery, 
80% in the circumflex coronary artery and 50% in the distal 
left coronary artery during the second study period. The 
sensitivity of two-dimensional echocardiography for the en•
tire coronary system was high despite the lower sensitivity 
in the distal coronary arteries because there were no patients 
in our study with an isolated distal aneurysm. To our knowl•
edge, there have been no previous reports of children with 
solitary distal coronary artery aneurysms due to Kawasaki 
disease. 
Specificity. The specificity of a test is the ability to ex•
elude abnormalities in a patient when there are no abnor•
malities present. Hirose et al. (6) demonstrated a high degree 
of specificity with two-dimensional echocardiography. In 
their study, the specificity was 96% for the entire coronary 
system, 99% for the right coronary artery and 95% for the 
left coronary artery. Shimazu et al. (16) reported a speci•
ficity of 100% when imaging either the right or left coronary 
artery. In our more recent experience with two-dimensional 
echocardiography when evaluating the entire coronary sys•
tem, the proximal right coronary artery, the left main coro•
nary artery and the left anterior descending coronary artery, 
the specificity was 97%. When recording the distal right 
coronary artery, the distal left coronary artery or the cir•
cumflex coronary artery, two-dimensional echocardiog•
raphy was 100% specific. Because of the high specificity 
of this test, one would expect to encounter few false positive 
results when using two-dimensional echocardiography to 
detect coronary artery aneurysms. The false positive read•
ings in the proximal portions of the right and left coronary 
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arteries occurred because of difficulty in distinguishing ar•
teries that are large but normal from those that contain a 
small fusiform aneurysm. Normal values for coronary artery 
dimension have not been determined for infants and children. 
Positive predictive value. The positive predictive value 
is the probability that a patient has a coronary artery an•
eurysm given a positive result on the two-dimensional echo•
cardiogram. Predictive values are determined by the sen•
sitivity and specificity of two-dimensional echocardiography 
and the prevalence of aneurysms in the study patients. The 
positive predictive value for the entire coronary system dur•
ing the second study period was 98%; it was also 98% for 
the left main coronary artery and left anterior descending 
coronary artery. The positive predictive value for the cir•
cumflex coronary artery and distal left coronary artery was 
lOOO/C during this period. The positive predictive value for 
the proximal right coronary artery was 83%. but decreased 
to 0% for the distal right coronary artery. In other words. 
with a positive two-dimensional echocardiogram for any 
region except the distal right coronary artery. there is a high 
probability that a patient has a coronary artery aneurysm. 
Negative predictive value. Conversely. the negative 
predictive value is the probability that a patient does not 
have a coronary artery aneurysm given a negative result on 
two-dimensional echocardiography. The most recent neg•
ative predictive value was 100% for the entire coronary 
system, proximal right coronary artery and left main coro•
nary artery; it was 95% for the distal right coronary artery. 
For the remaining distal regions of both the right and left 
coronary arteries. the negative predictive value was 97%. 
These results suggest that with a negative two-dimensional 
echocardiogram, there is a low probability that the patient 
will have a coronary artery aneurysm, regardless of the 
region imaged. 
First versus second study period. The improvement 
seen from the first to the second study period can largely 
be explained by an alteration in our echocardiographic tech•
nique and increased experience with this type of imaging. 
During the second period, a systematic approach was uti•
lized. Through experience gained during the first period 
together with new information from other investigators. we 
improved our ability to visualize not only the main portions 
of both coronary arteries. but to extend our imaging window 
into the distal portions as well. Another possible explanation 
for the improvement of the positive predictive value in the 
second period is the increased prevalence of coronary artery 
aneurysms seen during this period. However, this increased 
prevalence should have little effect on the negative predic•
tive value. 
Conclusion. These data suggest that two-dimensional 
echocardiography is both a sensitive and specific test for 
visualizing aneurysms in the proximal portions of both the 
right and left coronary arteries. Furthermore. we conclude 
that selective coronary arteriography may only be necessary 
in those patients who have echocardiographic evidence of 
proximal coronary artery aneurysms. There are several rea•
sons why selective coronary arteriography may be important 
in these patients. Arteriography permits visualization of the 
entire coronary system. allowing evaluation of distal coro•
nary arteries that cannot be reliably imaged with our current 
echocardiographic techniques. This baseline angiographic 
study is useful in the follow-up of these patients. Angiog•
raphy also identifies stenotic lesions. the presence of throm•
bus within coronary aneurysms and silent occlusions that 
may be difficult to detect echocardiographically. Neverthe•
less, two-dimensional echocardiography will allow more 
appropriate selection of patients for selective coronary ar•
teriography once a systematic approach is utilized and suf•
fiCient experience is gained. 
We acknowledge the contnbutlons of Kalavathy ArJunan. RDMS who 
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